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1. Field of rtheulnvention. . i 

This invention relates to'an air ?lter, and more partic 
ularly- to an air ?lter of a combination of electret ?lters‘ 
and non-electret ?lters» to‘ have a :high‘ ef?ciency. for 
removing particle_s,_dust, etra» inthe air. I . , 

The term ,‘felectret”; is employed..~throug~hou'tvthe 
speci?cation to.denote an electri?ed substance which 
exhibits electrical charges of opposite sigrr on;,o_ppo§ite 
faces, ‘the electri?cation beingnt-hroughout the entire 
volume of the substance,,r-ather than merely on its sur 

face. “ e I .q 1 _ v .2.PriorA_,rt , .i ‘ 
' 

Recently, there, has been an increasing demandfor air 
?lters of high ef?ciencyv which can remove. even;unde 
sirable particles such as ultra?ne corpuscles out of the 
air. The demand is raised particularly in factories for 
manufacturing IC (integrated .circuits) and LSI (large 
scale integrated circuits), operation ,rooms and .treat 
ment. rooms in hospitals‘, and preparation, roomsgfor 
medicine and the like. In such places, the so.-calle,d clean 
room system has conventionally been employed to min 
imize entry of dust. or microbes. brought by_ people en-. 
tering the rooms'and 'so forth, so that the air ‘to’ bel‘sup 
plied into the rooms is ?rst "?ltered for puri?cation by 
air ?lters and then blasted ‘from coiling (vertical laminar 
flow system) or through walls (horizontalxlaminar flow 
system). ._ , ~ .1 _ . 

However, especially in the ?eld of IC and, LS1; pro 
duction, further development toward still smaller‘size, 
and higher density and precision has been under way, 
and for the improvements of quality and performance, 
accuracy in insulation at 'a gap‘less' than"0:3"ptm is“ 
brought into question, while in hospitals also, attention 
is now directed to microbes: less than 0.3 pm in size. 
Thus, removal of these ultra?ne particles has been 
strongly ‘required. More speci?cally; the conventional 
clean rooms which are provdied with‘clean improper 
tors equipped with conventional 'high ef?cieiicy "fair" 
?lters (HEPA ?lter) having collecting ef?ciency higher 
than 99.97% for the ?ne particles on the order of 0.3 pm 
in diameter, the"‘cleanness does ‘not meet requirements, 
because it shows only .class 1 or l00_at most"'§‘(i.e. the 
number of particles in 1 ft of air is l or‘lOO respectively, 
on the basis of U.S._Federal Standards 20%) .with re 
spect to the ?ne particles vhaving diameter larger than 
0.5 pm. Therefore, the'higher grade clean'room; :i.e. the 
SO-Called supér'f'clean. room of class lIor' .100..to>?ne.. 
particles smaller than 0.3 pm, for example to ultra?ne 
particles or 0.1 pm has comeztobe required. 
An electrostatic precipita'tor ‘or electrostatic ?lter 

conventionally available which might? be employed‘ for 
the requirement described above isr‘not onlyifhigh in-the" 
cost of installation of power sources‘,=ibutqinsuf?cienttin‘ 
dust removing ef?ciency against the ultra?ne particles. 
Moreover, only one sheet of HEPA ?lter does not 

provide suf?cient dust removal-efficiencyagainst the 
ultra-?ne particles. In‘ order to oxi'ercome'thedisadvan 
tages as described above, it was naturally considered to 
improve the dust collecting efficiency either by piling 
up more than two sheets of the ?lter or byincreasing 
the density thereof. In this case however, although the 
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v i,';.,'ii‘;he¢electret to be employed in the present invention 
dust removing ef?ciency is-improved,- the‘ pressure?iosys?l _ 
becomesvery'lai'g'e. In'ad'dit‘ioifnot only facilities such 

2 
as blowers, ducts, etc. becomebulky, but power charge 
must be’. increased, which is not practical or reliable. . 
.H Irrthe aboy'e, connectionysince the conventional high 
ef?ciengy'lajrgi?lter depends .on particlevcollection by 
mechanical ?ltering effect, it may be possible to collect 
?ne, particles if a gap betweenthe ?bers is further re 
duced," or if the ?lter has smaller pores in diameter. 
However, .evenhby the above, arrangement, the draw 
backs‘ as described earlier can not be avoided, while 
?lter cloggingitends to take place, causing pressure loss, 
and resulting in a short life of the ?lter. 

SUMMARY OF THE'INVENTION 
Therefore, itis a principal object of this invention to 

provide an air ?lter which substantially eliminates dis 
advantages'l’inherent in conventional air ?lters thereby 
having a high ef?ciency in removing any kind of parti 
cles inith'e air without causing clogging. 

' In keeping‘with the principles of this invention, the 
object‘ is accomplished by an unique air ?lter which is a 
combination of electret ?lter and non7electret ?lter. 
' ‘By way of example, when one sheet of HEPA‘ ?lter as 
a non-electret ?lter and one sheet of electret ?lter are 
piled together, particles larger than 0.3 pm are collected 
by "the electret ?lter, and'therefore, a ?lter extermely 
high in collecting ef?ciency and small in pressure loss 
cah'be obtained.“ It is to be noted here that since the 
electret ?lter collects the particles not by mechnically 
?ne screen‘; but by attracting the suspended particles 
onto the surface of ?bers‘throug'h coulomb force result 
ing from ‘the surface potential possessed thereby, the 
?lter-does not suffer- from clogging or pressure loss. 
Then the'combined ?lter having an electret ?lter posi 
tioned on the ‘downstream side of the HEPA ?lter can 
provide a unique air ?lter having extremely high effi 
ciency with ‘a very small additional pressure loss. 

_, BRIEF DESCRIPTION OF THE DRAWINGS 
The above mentioned features and objects will be 

.come more apparent vwith reference to the following 
description taken in conjunction with the following 
drawings wherein like elements are given like reference 
numerals and in which: ‘ - 

,FIGS. 1 (a) to (g) are cross-sectional views of varied 
, embodiments of the air ?lter in accordance with the 
teachings of this invention; 
.FIGS.'2. (a) to (c) are cross-sectional views of varied 

embodiments of the air ?lter employed for EXAMPLE 
1 l0 3; ' 

.I'EIGS. 3' (a) and (b) are cross-sectional views of other‘ 
embodiments of this invention; - 
FIG. 4(a) is a cross-sectional view of another em- ‘ 

bodiment of this invention and 4 (b) is a lateral cross 
sectional view of 4 (a); 
.FIGS..5 (a) and 5 (b).are cross-sectional views of 

other embodiments of vthis I invention; 
FIG. 6 is a cross-sectional view of another embodi 

ment of this invention; 
FIG. 7. is :a cross-sectional view 

,ment of thisinvention; and ~ 
FIG. 8 is across-sectional view of another embodi 

ment of this ,invention. 

DETAILED DESCRIPTION OF THE 
" " " ‘ INVENTION 

of another embodi 

isgenerally formed into‘theshape of a sheet. In the 
electret in having the form of a sheet, there are cases 



‘4,323,374 
3 

where one surface thereof is charged to a positive polar 
ity and the other surface to a negative polarity, or 
where respective surfaces‘thereof constituting ?bers or 
granules are charged‘ to both positive and‘iiegativ'e po 
larities (for example, in the case where after electretiz 
ing ?bers, the electret is formed into‘ woven‘fabric' or 
non-woven fabric‘sheets)”. - n ' 

The electret can be formed into a shape other than a 
a sheet for example, into a granular shape,_and charged 
particules among the suspended particles are'attracted 
onto the surface of the ' electret charged in different 
polarity by the coulomb force, etc-arising from the 
surface potential possessed thereby, while neutral parti 
cles are also 'attracted'to the surface nearby through 
electrostatic induction. Moreover, the electret to be 
employed in the present invention maybe prepared by 
incorporating into box-like member, fabrics or porous 
structures such as non-woven fabrics, expanded mate 
rial or porous. material having continuous bubles and 
also granualr electret and the like, which are piled up 
into more“ than one sheet by the number ‘required or 
folded into zigzag shapes, etc. for application. 
‘On the otherhand, conventional non-electret ?lters 

may consist of medium ef?ciency air ?lters (for exam 
ple, National Bureau of Standards NB95 ?lter) or high 
ef?ciency vair ?lters (HEPA ?lters), :etc. which may be 
folded into zigzag shapes. ~, 
Referring more particularly to the drawings, shown 

in FIG. 1 is a- ?rst embodiment of an air ?lter in accor 
dance with the teachings of this invention. In FIG. 1 (a), 
a conventional non-electret ?lter 1 is formed in a zigzag 
shape and placed between two ?lters 2 which are pro 
vided at both the upstream side and downstream side of 
the non-electret ?lter 1. An arrow shows the direction 
of air flow. In FIG. 1 (b), the electret ?lter 2.is provided. 
only at downstream side of the non~electret ?lter 1. In 
FIG. 1 (c), thé-non-electret ?lter 1 is formed in a sheet 
shape. In FIG. 1 (d), both- non-electret ?lter l and elec 
tret ?lter 2 are formed in a zigzag shape. In FIG. 1 (e), 
the non-electret ?lter 1 islin a sheet shape, while the 
electret ?lter 2_ is in a zigzag shape. In FIG. 1 (f), the 
zig-zag type electret ?lter 2 is covered at both of up 
stream and downstream sides by thin non-electret, zig 
zag shaped ?lters 1. In FIG. 1 (g), the non-electret ?lter 
l at the downstream side of FIG. 1 (f) is formed into a 
thin sheet shape. Accordingly, the downstream side of 
the electret ?lter‘2 is flat. 
As discussed above, the electret ?lter may be in 

stalled on the upstream side and downstream side 
thereof, but it is preferable to dispose the electret ?lter 
at least on the downstream side to utilize advantageous 
points of both ?lters so as to obtain a ?lter of favorable 
characteristics. Particles having diameter larger than 
0.3 pm are collected by the conventional ?lter at the 
upstream side, while ultra?ne particles are caught by 
the electret ?lter downstream side as con?rmed by the 
experiments carried out by the present’ inventors. As 
stated before, the electret ?lter has inherently very low 
pressure loss, and therefore, the combination with a 
HEPA ?lter shows only a small additional pressure loss 
increase. Simultaneously, it has also been con?rmed 
that the pressure loss is small where‘ the electret ?tler is 
disposed at the downstream side. As shown "in the 
FIGS. 1 (a), l (b), 1 (d), 1 (e), l (f) and 1 (g). by forming 
the ?lter in‘ a zigzag shape, the collecting ef?ciency can 
be improved at a small increase in the pressure loss, 
although there is some increase'in thickness. ‘ 
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4 
It is to be noted here that in FIG. 1 (I) and (g), the 

non-electret ?lterzl at the downstream side may be 
modi?ed to be a supporting member for supporting the 
electret ?lter 2 disposed therebetween. Furthermore, a 
?lter element may be of such a‘ type as contain electre 
ltized fabrics within the conventional ?lter. That is to 
say, the ?lter element may be of a mixed type of electre 
tized ?bers and conventional ?lter fabrics. Moreover, it 
is possible to utilize an element having a construction in 
which electretin a powder or granular shape is en 
closed in a sheet form conventional ?lter. 

Subsequently, improvements on the performance by 
use of the air ?lters actually constructed according to 
the‘ present invention will be described hereinbelow 
with reference to experimental data. 

It is to be noted that EXAMPLES are inserted here 
for the, purpose of illustrating the present invention 
without any invention of limiting the scope thereof. 

EXAMPLE 1 

At the downstream side of one sheet of HEPA ?lter 
as described below, one sheet of electret ?lter having 
properties as follows was installed, the arrangement of 
which is shown in FIG. _2 (a). 

HEPA ?lter: (HEPA. . . High Ef?ciency 

Particulate Air) 
Material Glass ?bers 
Thickness 0.4 mm 
Gain in weight 80 g/m2 
Pressure loss 10 cm/S 56 mmWG 
Electret ?lter: 

Material Polypropylene Fibers 
Thickness 5 mm 
Gain in ,weight 400 g/m2 
"Pressure loss 10 cm/S ‘7mmWG 

EXAMPLE 2 

Two sheets of electret ?lters as described .below were 
disposed, with one sheet of the following HEPA ?lter 
held therebetween, the arrangement diagram of which 
is shown in FIG. 2 (b). 

HEPA ‘mm: M 

The same one as used in EXAMPLE 1. 
Electret ?lter: ' 

Material ' ' Polypropylene ?bers 

Thickness 4 mm 
Gain in weight _ 300 g/m2 
Pressure loss l0 cm/S SmmWG 

EXAMPLE 3 
Two sheets of electret ?lters as described below were 

installed at the downstream side of one sheet of NB95 
?lter having properties as follows, the arrangement 
diagram of which is shown in FIG. 2 (c). 

NB95 ?lter: _ (NB . . . National Bureau of Standard 

Material Glass ?bers 
Thickness 0.4 mm 
Gain in weight 90 g/niz 

'> Pressure loss lO/cm/S ll mmWG 
Electret ?lter: ' 

The same one as used in Example 1. 
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The resultof performance comparison are tabulated 
in Table 1 below: . . I 

'6 
of1z~igzag shapeand the electret ?lter 2 of zigzag shape 
are disposedat right angles with respect to each other. 

Yip, _ ‘A 7,, Conventional vflters I‘ _‘Elecii'et“?l'ters 
EXAMPLES v HEPA HEP/5.. N895 Weight gain- Weight gain 

I , ,l 2, I 3 sheet 2 sheets, lsheet 40‘0-g/m2 ’ 300‘g/m2 »' 

Pressure loss 63‘ 66. 26 ,56 ,112. 16 ' ‘7 1 ‘ -' ‘ 5‘ 
l0 cm/S ‘ : 

(mmWG) , . 

Penetration % ' _ ‘ ' ‘ _ 

0.111 um ' 0.00 0.00 0.00 0.20 ' 009*‘; ‘45.2 0.01 0.93 
Particle ‘ ‘ >3 I‘ r ' 

0.29 pm 0.00 0.00 0.00 0.01 0.00 13.4 0.00 0.06 
Particle , 

With respect to the penetration as described above, 
the number of particles in 100 00- at air ?ow rate of 10 
cm/S was measured at the downstream side and up’ 
stream side of the ?lter element, with the ratio being 
represented in %. For the measuring instrument, PMS 
laser aerosol spectrometer was employed. 
As is clear from the results of experiments as ‘de 

scribed above, according to the present invention, a 
novel ?lter element vhaving by far thei'superior ?lter 
effect as compared with the conventional ?lters or with 
the case where only the electret ?lter was used, has 
been advantageously obtained. In the foregoing EX 
AMPLES, although the gain in weight of the ?lter 
formed into the electret was set to be 300 g/m2 at the 
lower side, even with the ?lter having gain in the 
weight less than the above, (for example, at 200 g/m2), 
particles having diameter as small as 0.111 um could be 
perfectly removed. 

Since the PMS laser aerosol spectrometer capable of 
measuring particles at 0.111 pm has the highest perfor 
mance in measuring instruments, particles smaller in 
diameter than the above level could not be measured. 
However, it is surmised that particles smaller- than 0.111 
pm have been removed by a considerable amount since 
particles of 0.111 pm are completely eliminated after 
passing through the ?lter element according to the 
present invention, as is clear from the above data. 

Subsequently, the ?lter construction mainly em 
ployed for a super clean room will be described herein 
below. 
The arrangement shown in FIG. 3 (a) is an embodi 

ment corresponding to FIG. 1 (d), and has such a con 
struction that the high performance sheet form conven 
tional ?lter 1 and sheet form electret ?lter 2 respec 
tively formed into zigzag shapes are disposed so as to be 
?xed at their edges to a frame 3 by suitable means. 
Meanwhile, the arrangement shown in FIG. 3 (b) is 

generally similar to that in FIG. 3 (a), and is so con 
structed that the high performance sheet form conven 
tional ?lter 1 disposed at the upstream side and the 
electret ?lter 2 disposed at the downstream side are 
each formed into a zigzag shape through corresponding 
spacers 4 made of aluminum and the like arranged one 
by one, with the edges of the ?lters being secured to the 
frame 3 by suitable means. 

Installing the air ?lters having constructions as de 
scribed above at the blast hole for the clean room, the 
polluted air is formed into highly puri?ed air substan 
tially free from dust and microbes, and blasted into the 
clean room. 

FIGS. 4 (a) and 4 (b) shows a slight modi?cation of 
the arrangement of FIG. 3 (b). In the arrangement of 
FIG. 4 (a) and 4 (b) the sheet form conventional ?lter 1 
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More- speci?cally FIG. .4 (a) shows a cross-sectional 
view thereof with the plane of cross-section parallel to 
the spacers 4 of the‘ electret ?lter 2, while FIG. 4 (b) 
shows a cross-sectional view thereof with the plane of 
cross-section parallel to the spacers 4 of the ?lter 1. 

Referring now to FIG. 5, the arrangement of FIG. 5 
(a) has a construction in which at the upstream side, the 
high ‘performance’ sheet ‘form conventional ?lter 1 
formed into a zigzag shape ‘through corresponding 
spacers 4 arranged one by. one is ?xed at its edges to 
frame 3 by's'uitable means in the similar manner as in 
FIG. 3 (b) while at the downstream side, the sheet form 
electret ?lter 2 formed into a zigzag shape is ?xed‘ at its 
edges to the frame 3 also by suitable means in the similar 
manner as in FIG. 3 (a). On the other hand, the arrange 
ment of FIG. 5 (b) is so constructed that at the upstream 
side the high performance sheet form conventional 
?lter 1 formed into a zigzag shape is ?xed at its edges to 
the frame 3 by suitable means in the similar manner as in 
FIG. 3 (a), while at the downstream side, the sheet form 
electret ?lter 2 formed into a zigzag shape through 
corresponding spacers 4 arranged one by one is secured 
at its edges to the frame 3 by suitable means in the simi 
lar manner as in FIG. 3 (b). 

In the arrangement of FIG. 6, at the upstream side, 
the high performance sheet form conventional ?lter 1 
formed into a zigzag shape through corresponding 
spacers 4 of aluminum and the like arranged one by one 
is secured at its edges to the frame 3 by suitable means 
in the similar’ manner as in FIG. 3 (b), while at the 
downstream side, there is-disposed the electret ?lter 2 
prepared by ?lling electret ?bers and the like in the 
form of cotton into the frame 3 at :a suitable density. The 
numeral 5 indicates a suitable number of support mem 
bers for supporting said ?bers, etc. which are members 
of comb-like shape of wood, plastics, or metallic mate 
rial, wire mesh or porous plate, etc. 
Moreover, in the arrangement of FIG. 7, the high 

performance conventional ?lter 1 folded into a zigzag 
shape is accommodated in the frame 3 so as to be further 
folded again in a zigzag manner for being ?xed at its 
peripheral edges to the frame 3, with the respective 
sheet faces of said ?lter 1 being arranged at approxi 
mately right angles with respect'to the direction of air 
?ow. Meanwhile, the electret ?lter 2 made of cotton 
like electret ?bers, etc. is ?lled into wedge-like spaces at 
the downstream of the ?lter 1 at a proper density. Indi 
cated by numeral 5 are support members for supporitng 
the earlier mentioned ?bers and the like, which are 
members of comb-like shape made of wood, plastics, or 
metallic material, wire mesh or porous plate, etc. 

Furthermore, in the construction of FIG. 8, the high 
performance conventional ?lter 1 folded into a zigzag 
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shape is housed in the frame 3 so as to be further folded 
again in a zigzag manner for being ?xed at its peripheral 
edges to the frame 3, with the respective sheet faces of 
said ?lter 1 being also directed approximately at right 
angles with respect to the direction of air ?ow. Mean 
while, the electret ?lter 2 made of cotton-like electret 
?bers, etc. is ?lled into spaces provided along the ?lter 
1 at the downstream of the ?lter 1 at a proper density. 
In this arrangement, numeral 5 shows support members 
for supporting the earlier mentioned electret ?lter, 
which are members of comb-like shape made of wood, 
plastics, or metallic material, wire mesh or porous plate, 
etc. In the ?lter as described above, since the rear por; 
tions of the support members 5 are provided with 
wedge-like space, and consequently less amount of elec 
tret ?lter is required than in case of FIG. 7 the ?lter 
element can be economically produced at a low cost 
without reduction in performance. 
We claim: 
1. An air ?lter assembly comprising: 
a frame for supporting ?lter sheets, said frame having 

input and output ends; . 
a ?rst ?lter sheet of HEPA material provided in said 

frame adjacent to said input end of said frame, said 
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8 
?rst ?lter sheet of HEPA material being substan 
tially free of an electrical charge; and 

a second ?lter sheet of material provided in said 
frame, positioned between-said ?rst ?lter sheet and 
said output end of said frame, said second ?lter 
sheet being made from dielectric material, said 
second ?lter sheet further having one surface with 
a positive charge thereon and another surface with 
a negative charge thereon. 

2. An air ?lter assembly according to claim 1, 
wherein the one surface and the another surface of the 
second ?lter sheet comprise ?bers respectively charged 
to positive and negative'polarities. 

3. An air ?lter assembly according to claim 1, 
wherein said second ?lter sheet of material is made from 
a single material. 

4. An air ?lter assembly according to claim 3, 
wherein said second ?lter sheet of material is made from 
polypropolene. 

5. An air ?lter assembly according to claims 3 or 4, 
wherein at least one of said ?rst and second ?lter sheets 
of material is formed in a zig-zag shape. 

6. An air ?lter assembly according to claims 3 or 4, 
wherein said ?rst and second ?lter sheets of materials 
are formed in a zig-zag shape. 

* * * * * 


